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It w i l l handle t h e n o n -p i c t o r i a l d a t a and p i c t o r i a l d a t a i n a uniform way i n order t o allow f o r g r e a t e r f l e x i b i l i t y f o r p i c t o r i a l information r e t r i e v a l .
The d i s t i n c t i o n of l o g i c a l view and p h y s i c a l view o f p i c t u r e obj e c t s i s discussed. A p i c t u r e a l g e b r a i s defined t o manipulate t h e a r e a l p i c t u r e o b j e c t , l i n e a r p i c t u r e o b j e c t , p o i n t p i c t u r e o b j e c t , and even t h e combination of t h e s e p i c t u r e o b j e c t s . In a d d i t i o n physical zooming a s magnification of p i c t u r e obj e c t , l o g i c a l zooming technique i s more important t o navigate i n t o the d e t a i l e d d e s c r i p t i o n of t h i s p i c t u r e o b j e c t o r t o browsing among t h e s i t n i l a r p i c t u r e of t h e r e f e r e n c e p i c t u r e . H i e r a r c h i c a l r e p r e s e n t a t i o n f o r the handling of s p a t i a l d a t a i n o r d e r t o f i t l o g i c a l zooming technique and the m a t e r i z a t i o n of t h e l o g i c a l p i c t u r e t o physical p i c t u r e ready f o r d i s p l a y a r e a l s o included i n p i c t u r e a l g e b r a .

I n t r o d u c t i o n
Database d e s i g n f o r alphanumeric d a t a such as a i rl i n e r e s e r v a t i o n , company p a y r o l l , government org a n i z a t i o n , medical c a r e [ l , 31 e t c . , have been p r e v i o u s l y e s t a b i l i s h e d .
Three main approaches f o r database technology are h i e r a r c h i c a l model, network model, and r e l a t i o n a l model 111. The comp a r s i o n s of d a t a d e f i n i t i o n , manipulation, protect i o n , independence, and system performance among those t h r e e d a t a b a s e management systems have been explored [ l ] .
L i t t l e a t t e n t i o n has been paid t o
t h e s t o r a g e , r e t r i e v a l , and manipulation of nonalphanumeric information such a s d i g i t i z e d images which r e q u i r e l a r g e amount of s t o r a g e even f o r p i c t u r e s of average complexity. With t h e welldeveloped techniques and new a p p l i c a t i o n s i n d i g it a l p i c t u r e processing, such a s r a s t e r d a t a hand l i n g i n geographic information system [ 1 9 ] , remote sensing of t h e e a r t h ' s resources [ 1 2 ] , comp u t e r tomography, whole-body scanner e t c . , t h e problems of e f f i c i e n t , economical s t o r a g e and f l e x i b l e r e t r i e v a l of t h e v a s t amount of p i c t o r i a l information becomes more important and r e q u i r e s c a r e f u l c o n s i d e r a t i o n .
The browsing concept has been a p p l i e d i n document information r e t r i e v a l system [ 2 1 , 251 i n o r d e r t o h e l p speed up an i n t e r a c t i v e r e t r i e v a l of t h e r e l e v a n t documents from, f o r example, paper tit l e s , a b s t r a c t s , o r c o n t e n t s , by t h e indexed keywords o r terms which s p e c i f i e d i n t h e u s e r ' s query.
This concept a l s o has been a p p l i e d t o the medical knowledge system in o r d e r t o h e l p diagnosing s e r v i c e [ 2 6 ] . The s i m i l a r i t y measures f o r l i n e p a t t e r n [ 6 , 151, shape-oriented, s i z e -o r i e n t e d , t e x t u r e -o r i e n t e d image d a t a b a s e [ 1 3 ] a r e focusing more a t t e n t i o n t o image processing and p a t t e r n r e c o g n i t i o n .
Computer cartography and topography, s p a t i a l relat i o n s h i p , s p a t i a l a n a l y s i s which using the t r a d it i o n a l v e c t o r format approach ( o r c a l l e d polygonal o r t o p o l o g i c a l d a t a s t r u c t u r e ) i n t h e geographic information system have been developed i n t h e p a s t t e n y e a r s [ 1 8 , 191. However, more and more d a t a a r e becoming a v a i l a b l e v i a new c a p t u r e d e v i c e s which g e n e r a t e t h e d a t a i n r a s t e r , o r t e l e v i s i o n image format, f o r example, LANDSAT imagery and drum scanner o u t p u t . Advanced technology i n t h e computer g r a p h i c s , such as frame b u f f e r memory and improvement i n CRT r e s o l u t i o n , has made t h e inc r e a s i n g use of raster-scan d i s p l a y s a s t h e output d e v i c e s [ 1 6 , 2 8 ] .
Therefore t h e a l g o r i t h m s and d a t a s t r u c t u r e f o r raster-formatted s p a t i a l d a t a i n the geographic information s y s t e m must be explored.
In [ 3 ] , an approach t o d e s i g n an i n t e g r a t e d database f o r t a b u l a r d a t a , g r a p h i c a l d a t a , and image d a t a is described. Based t h i s approach and above c o n s i d e r a t i o n s , t h e l o g i c a l zooming technigues i n s e c t i o n 3 , a r e designed f o r browsing among the p i c t o r i a l database t o n a v i g a t e i n t o the s i m i l a r p i c t u r e s o r i n t o t h e d e t a i l d e s c r i p t i o n of t h e int e r e s t e d p i c t u r e o b j e c t .
In s e c t i o n 4 , a set of p i c t u r e o p e r a t i o n s , c a l l e d p i c t u r e a l g e b r a i s designed t o handle t h e s p a t i a l d a t a f o r s t o r a g e , r e t r i e v a l , manipulation, and transformation. This p i c t u r e a l g e b r a can be employed as t h e i n t e r f a c e between the high-level u s e r ' s query language and t h e p i c t o r i a l d a t a b a s e . The p i c t o r i a l information may include: ( a ) t h e geometrical d e s c r i p t i o n of o b j e c t shape, ( b ) t h e a t t r i b u t e d e s c r i p t i o n of o b j e c t , and ( c ) t h e s p a t i a l r e l a t i o n s h i p between o b j e c t s . The s p a t i a l r e l a t i o n s h i p may be expressed by t h e geometrical d e s c r i p t i o n i m p l i c i t l y . These t h r e e information i s t h e c l u e t o i d e n t i f y p i c t u r e o b j e c t s i n t h e p i c t o r i a l database. Therefore, a need f o r a gene r a l i z e d information system which can manipulate t a b u l a r d a t a , v e r b a l d a t a , g r a p h i c a l d a t a as well a s image d a t a i s shown. D i f f e r e n t d a t a types may be t r e a t e d i n a uniform way. The d a t a conversion among them i s necessary i n order t o d i s p l a y or t o express i n d i f f e r e n t formats.
The r e l a t i o n a l d a t a b a s e i s chosen because it employs simple t a b u l a r s t r u c t u r e s t h a t a r e conceptua l l y simple i n undertanding and easy t o access. I n t e r r o g a t i n g r e l a t i o n a l d a t a b a s e s i s t h e cons t r u c t i o n of new r e l a t i o n s from e x i s t i n g r e l a t i o n s r a t h e r than t h e d e s i g n of a procedure f o r t r a v e r si n g l i n k s t r u c t u r e s i n i n t e r r o g a t i n g h i e r a r c h i c a l o r network d a t a b a s e . In t h e r e l a t i o n a l model, i t i s easier t o express d a t a i n t e g r a t i o n than network s t r u c t u r e s .
It i s a l s o r e l a t i v e l y easy t o cons t r u c t h i e r a r c h i c a l s t r u c t u r e s using r e l a t i o n s [ 3 , 5, 81.
Several very high-level ( s e t -o r i e n t e d ) r e l a t i o n a l d a t a sublanguaees with d i f f e r e n t syntax have been developed f o r t h e conventional d a t a b a s e systems. For example, t h e ALPHA language, which based on r e l a t i o n a l c a l c u l u s ; a language based on r e l a t i o na l a l g e b r a ; t h e SEQUEL language; and Query By Exa m p l e ; a r e f o u r popular query languages c u r r e n t l y e x i s t i n g . 
P i c t u r e Objects and Map Overlay
Following [ZO], a p i c t u r e may be regarded a s a real-valued, non-negative f u n c t i o n of two r e a l v a r i a b l e s . For example, continuous-tone photographs can be envisioned a s m a t r i c e s of d i s c r e t e p i c t u r e element ( p i x e l s ) with assigned g r e y levels. p i c t u r e o b j e c t i s a p i c t u r e or p a r t of a p i c t u r e which can served as an operand of p i c t u r e a l g e b r a ( d e f i n e d i n s e c t i o n 4 ) . P i c t u r e o b j e c t s may be elementary p i c t u r e o b j e c t s such as r i v e r , highway, l a k e , a i r f i e l d ; or composite p i c t u r e objects such as maps with varying degree of d e t a i l s .
Each p i c t u r e o b j e c t may have two d i f f e r e n t r e p r e s e n t a t i o n s : l o g i c a l r e p r e s e n t a t i o n and physical r e p r e s e n t a
t i o n . A l o g i c a l p i c t u r e o b j e c t i s r e p r e s e n t e d i n a r e l a t i o n a l t a b l e form, such as elementary p i c t u r e o b j e c t with s p a t i a l l o c a t i o n and other a t t r i b u t e s ' v a l u e s , o r composite p i c t u r e o b j e c t s with s t r u c t u r a l combination of elementary p i c t u r e o b j e c t s . P h y s i c a l represented p i c t u r e object i s t h e rastes-formatted
form with p i x e l v a l u e s l i k e LANLXAT imagery of drum scanner outp u t . There are t h r e e d i f f e r e n t f e a t u r e s i n geog r a p h i c p i c t u r e such as a e r i a l photograph or maps w i t h d i f f e r e n t a p p l i c a t i o n s .
There a r e p o i n t f e a t u r e , l i n e a r f e a t u r e , and areal f e a t u r e (OK reg i o n ) .
(1) P o i n t : A p o i n t may be a small c i t y i n a state-wided map, OK j u n c t i o n of two roads. A p o i n t f e a t u r e whose s p a t i a l l o c a t i o n i s s p e c i f i e d by a c o o r d i n a t e w i t h x and y , or with l o n g i t u d e and l a t i t u d e , p l u s t h e important a t t r i b u t e s , f o r A example the population of a c i t y .
( 2 ) Line: A l i n e a r f e a t u r e may be a highway i n a road map.
Rivers and r a i l r o a d s may a l s o be described as l i n e a r f e a t u r e s . A l i n e a r f e a t u r e i s represented by a c o n s e u t a t i v e x-y c o o r d i n a t e s with o r d e r , p l u s t h e important a t t r i b u t e s . For examp l e , a highway may be approximated by one o r more l i n e segments. Each l i n e segment h a s i t s s t a r t ( x , y) c o o r d i n a t e , end ( x , y ) c o o r d i n a t e , width, road c o n s t r u c t i o n m a t e r i a l , and c u r v a t u r e .
( 3 ) Area: An a r e a l f e a t u r e may be a l a k e , or an a i r f i e l d on a scene. The s o i l -t y p e d i s t r i b u t i o n , v e g e t a t i o n d i s t r i b u t i o n , and landuse of a c e r t a i n r e g i o n are a l s o a r e a l f e a t u r e s . An a r e a l f e a t u r e may be r e p r e s e n t e d by d i s c r e t e p i x e l form OT by line-segment-formed polygon depending applicat i o n s . In p i c t u r e procesing, p i x e l r e p r e s e n t a t i o n i s p r e f e r e d , but i n geographic inforination proc e s s i n g , polygon approximation i s f r e q u e n t l y used.
Recently t h e input-output d e v i c e s f o r r a s t e r type d a t a have become more a v a i l a b l e . The techniques i n image processing a r e becoming more advanced, so t h e automatic e x t r a c t i o n of pixel-represented a r e a f e a t u r e may e v e n t u a l l y r e p l a c e t h e manual d i g it i z e d of polygon-represented a r e a f e a t u r e .
Amap i s composed of a c o l l e c t i o n of o v e r l a y s which may be defined s t a t i c a l l y o r c r e a t e d dynamic a l l y through t h e manipulation of p i c t u r e operat i o n s .
For example, a t e r r i a n map may show e v a l u a t i o n c o n t o u r s , r o a d s , v e g e t a t i o n , and cit i e s . These f o u r f e a t u r e s could be ploted s e p a r a t e l y , b u t when they are overlayed, a comp l e t e map i s obtained.
A c i t y i n a small-scale map may be r e p r e s e n t e d by a point f e a t u r e , but i n a medium-scale o r l a r g es c a l e map, i t may become an a r e a l f e a t u r e . The d e t a i l s of a point-featured c i t y and the d e t a i l s of area-featured c i t y are q u i t e d i f f e r e n t . For
example, Chicago i n a nation-wide map i s a p o i n t f e a t u r e with c i t y t y p e , i t s population and s p a t i a l l o c a t i o n a r e two important a t t r i b u t e s . However t h e user who i s i n t e r e s t e d i n more d e t a i l s of Chicago, such as t h e population d i s t r i b u t i o n of d i ff e r e n t zones, t h e c i t y b o r d e r , t h e r i v e r s or highways passing through i t , should be a b l e t o do t h a t . This i s t h e m o t i v a t i o n of a g e n e r a l i z e d
zooming technigue .
Generalized Zooming Techniques
The command ZOOM has been used t o expand o r con-
t r a c t a d i g i t i z e d p i c t u r e i n [ 1 4 , 161. In the CARTE system [ 2 7 ] , some p o r t i o n of t h e base map i s e i t h e r extraneous t o the i n t e r e s t s of t h e u s e r o r c o n s i s t s of many small areas t h a t a r e i n d i s c e r n ib l e .
The u s e r of t h a t system wants t o zoom i n a p o r t i o n of t h e base map by c r e a t i n g a window. The p o r t i o n of t h e s c r e e n through which t h e window i s viewed i s a viewport.
Together a window and viewport, an i n s e t i s defined.
A m u l t i p l e i n s e t c a p i b i l i t y i s provided i n t h e CARTE system. W e c a l l t h i s zooming concept which i s e s s e n t i a l amount t o blowing up p a r t of a given p i c t u r e a s p h y s i c a l zooming. The more g e n e r a l type of s o f t w a r e zooming technique -l o g i c a l zooming, s h a l l be proposed i n t h e remainder of t h i s sect i o n .
1. V e r t i c a l Zooming
The With t h e above r e p r e s e n t a t i o n s , t h e shape-oriented match, size-oriented measure, simil a r i t y measures of o r i e n t a t e d l i n e p a t t e r n s , and s i m i l a r i t y measures of a r e a l o b j e c t s with coordin a t e independence [24] , can be a p p l i e d t o do geometric s i m i l a r i t y measures.
Based upon the above a t t r i b u t e r e s t r i c t i o n of non-graphical d a t a and the s i m i l a r i t y measure of s p a t i a l r e p r e s e n t a t i o n , t h e user can zoom-in, zoom-out, and browsing on a s t a c k of s i m i l a r pict u r e o b j e c t s .
P i c t u r e Algebra f o r P i c t o r i a l Database I n t e rf a c e
The important r o l e played by r e l a t i o n a l a l g e b r a i n t h e r e l a t i o n a l database i s explored i n [ 71. Relat i o n a l algebra i s defined as a c o l l e c t i o n of high-level o p e r a t i o n s on r e l a t i o n s .
Codd d e f i n e s a s e t of such o p e r a t i o n s and shows t h a t t h i s set i s r e l a t i o n a l l y complete [81, i.e., provides a t least t h e r e t r i e v a l power of t h e r e l a t i o n a l c a lculus.
This complete a l g e b r a c o n s i s t s of two groups of o p e r a t i o n s : t r a d i t i o n a l set o p e r a t i o n s (union, i n t e r s e c t i o n , d i f f e r e n c e , C a r t e s i a n prod u c t ) , and s p e c i a l r e l a t i o n a l o p e r a t i o n s ( r e s t r i ct i o n , p r o j e c t i o n , j o i n , and d i v i s i o n ) .
Except t h e above defined r e l a t i o n a l o p e r a t i o n s ,
RAIN (developed h e r e ) i n c l u d e s updating o p e r a t i o n s ( i ns e r t , d e l e t e , m o d i f i c a t i o n ) , i n p u t l o u t p u t operat i o n s ( d a t a b a s e d e f i n i t i o n , r e a d , w r i t e , p r i n t , d i s p l a y ) , and s o r t i n g o p e r a t i o n s ( s o r t u p , s o r tdown).
Since the r e l a t i o n a l d a t a b a s e is chosen t o s t o r e p i c t u r e o b j e c t s , t h e o p e r a t i o n s among d i f f e r e n t t y p e s of p i c t u r e o b j e c t s c a l l e d s p a t i a l operat i o n s , a r e important o p e r a t i o n s f o r p i c t o r i a l dat a b a s e . These s p a t i a l o p e r a t i o n s , i n g e n e r a l , cannot be expressed e a s i l y using o p e r a t o r s of query languages provided f o r conventional database.
M a t e r i a l i z a t i o n from l o g i c a l p i c t u r e r e p r e s e n t a t i o n i n t o physical p i c t u r e representat i o n f o r v i s u a l i z a t i o n and/or f o r f u r t h e r image processing is a p a r t i c u l a r c h a r a c t e r i s t i c f o r pict o r i a l database. Viewing transformation and image transformation are a l s o among necessary o p e r a t i o n s f o r r e l a t i o n a l d a t a b a s e system f o r p i c t u r e s . Therefore p i c t u r e r e l a t i o n a l a l g e b r a ( p i c t u r e a l g e b r a ) i s defined a s a c o l l e c t i o n of high-level o p e r a t i o n s on p i c t u r e o b j e c t s i n r e l a t i o n a l d a t abase. The p i c t o r i a l d a t a b a s e management system a r e augmented by p i c t u r e a l g e b r a i c commands. These can be used t o perform various t y p e s of t r a n s f o r m a t i o n s and c a l c u l a t i o n s on the l o g i c a l p i c t u r e o b j e c t s and p h y s i c a l p i c t u r e o b j e c t s . This a s s i s t s i n manipulating p i c t u r e o b j e c t s of int e r e s t , o r similar p i c t u r e o b j e c t s , zooming i n t o d e t a i l s of e n l a r g e a b l e p i c t u r e , and d i s p l a y i n g the p i c t u r e o b j e c t s with o v e r l a y c a p a b i l i t y on
the r a s t e r -s c a n type g r a p h i c s t e r m i n a l .
Data capaturing of elementary p i c t u r e o b j e c t s from t h e noisy d i g i t i z e d p i c t u r e i s not included i n
p i c t u r e a l g e b r a . P i c t o r i a l d a t a may be obtained from automatic image processing by n o i s e c l e a n i n g , segmentation, t h i n n i n g , region growing, and image r e g i s t r a t i o n , o r even from manual d i g i t i z a t i o n and encoding. However p i c t u r e a l g e b r a does have t h e c a p a b i l i t y t o convert r e l a t i o n a l represented image i n t o a r r a y represented image f o r f u r t h e r image processing. AS a n o t h e r example, i f comand is: "UAI p l l a p2 pa", then t h e r e s u l t a n t p h y s i c a l p i c t u r e p2 is: 
Following a r e t h e defined p i c t u r e o p e r a t i o n s i n command fonns and equation forms a r e c l a s s i f i e d i n t o d i f f e r e n t c a t e g o r i e s :
TniS o p e r a t i o n ' s e q u a t i o n from is: p i c t u r e 2 -UAT ( p i c t u r e l , < c o n d i t i o n > ) .
( 2 ) DNA1 p i c r u r e l pa INTO p i c t u r e 2 l a WITH "KL"
The o p t i o n a l domaln name "KI" r e f e r s t o the i n t e r p r e t a t i o n o f p i x e l v a l u e s
In the m a t e r i a l i z e d p h y s i c a l p i c t u r e "picture2". For example: t h e c m a n d "OUAT p l pa p2 l a "landuse" I' t r a n s 
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I f t h e c m a n d is "QILAT p l pa p 2 la", then t h e r e s u l t a n t "p2" is s i m l l l r t o t h e s h o w above, wlthout t h e column with d m e i n d e s c r i p t o r "landwe".
Equation form f o r t h i s c m a n d is: p i c t u r e 2 -QUAT ( p i c t u r e l . < d a a a i n > ) .
( 3 ) AT0 p i e t a r e l l a 1NTO p i c t u r e 2 l a WITH "<condition>" ATE p i c t u r e l pa INTO p i c t u r e 2 pa WITH "<condition>"
AT8 p i c t u r e l la INTO p i c t u r e 2 pa WlTH "<condition>" ATB p i c t u r e l pa INTO p i c t u r e 2 l a WITH "<condition>"
one
The v a r i o u s AT8 o p e r a t i o n s c o n v e r t f i l l -i n area r e p r e s e n t a t i o n t o boundary r e p r e s e n t a t t o n o f same area. Equation form f o r t h i a command is: p i c t u r e 2
LI or p] = ATB ( p f c t v r e l . < r o n d I t i o n > ) .
( 4 ) ETA p i c t u r e l l a INTO p i c t u r e 2 l a WITH "<condltlon>" ETA p l e t u r e l pa INTO p i c t u r e 2 pa WITH "<condition>" ETA p i c t u r e 1 la INTO p i c t u r e 2 pa WITH "<condition>" ETA p i c t u r e l pa INTO p i c t u r e 2 l a WITH "<condition>"
The various RTA o p e r a t i o n s convert a boundary a r e a r e p r e s e n t a t i o n t o a f i l l -i n area r e p r e s e n t a t i o n . I t s equation form is: p i c t u r e 2 11 ar PI -ETA ( 1 ) UAT p i c t u r e l 11 INTO p i c t u r e 2 p l WITH "<condition>"
This cannand m a t e r i a l i z e s a v e c t o r format l i n e a r f e a t u r e i n t o r a s t e r image. For example: t h e command "MAT p l 11 p2 pl" t r a n s f o m s l o g i c a l p i c t u r e pL i n t o physical piCt"Ce p2: 
( 2 ) PERIH p i c t u r e INTO temp WITH "<condition>"
This c a m a n d c a l c u l a t e s t h e p e r i m e t e r o f an a r e a l f e a t u r e " p i c t u r e " and t h e r e s u l t is s t o r e d in elementary r e l a t i o n a l f i l e "temp" w i t h two domains:
picture-name and perimeter.
Its e q u a t i o n form is: temp -PERM ( p i c t u r e . This c m a n d c a l c u l a t e s t h e minimum e n c l o s i n g r e c t a n p l e o f p i c t u r e l and s t a r e t h i s r e c t a n g l e in p i c t u r e 2 w i t h (x-min. y-min. x-mx. y-x). Its equation form is: p i c t u r e 2 -HER ( p i c t u r c l , <condition>). Here p i c t u r e l can be l i n e a r or p o i n t p i c t u r e o b j e c t . This command is used t o c a l c u l a t e t h e l e n g t h of a l i n e p i c t u r e and s t o r e s t h e r e s u l t i n elementary r e l a t i o n a l f i l e "temp" with two domains: p i c t u r ename and l e n g t h . Its e q u a t i o n form i a : temp -LENGTH ( p i c t u r e . <condi-
) SWPE p i c t u r e INTO temp WITH '*<condition>'* This cannand can be used t o c a l c u l a t e t h e s l o p e o f a g i v e n l i n e s e m e n t on t h e given l i n e a r p i c t u r e o b j e c t .
The r e s u l t is s t o r e i n "temp" with d m a i n a : picture-name and slope.
Its e q u a t i o n form ii: temp -SLOPE (pictuce. < c o n d i t i o n > ) .
( 3 ) WCATION p i c t u r e INTO temp WITH "<condition>"
This c m a n d c a l c u l a t e s t h e c o o r d i n a t e s of a p o i n t ~l c t u r e and s t o r e 3 t h e l o g i c a l or r e p r e s e n t a t i o n ) and stores t h e r e s u l t i n an e l e m e n t a r y r e l a t i o n a l Its The f i l e "temp" has too domains: p i c t u r e -n a e and a r e a .
and
.
. result i n elementary r e l a t i o n a l f i l e "temp" with t h r e e domains: p i c t u r e name. r-coord. and y-coord.
I t a e q u a t i o n form is: temp -WCATION (pict u r e . < c o n d i t i o n > ) . 
.
This r e l a t i o n t a b l e with a t t r i b u t e s : OBNAME, h i e r a r c h i c a l r e p r e s e n t a t i o n of o v e r a l l f i l e s t r u c t u r e s i s organized a s a s u b t r e e of UNIX f i l e system. Figure 5 . 3. i l l u s t r a t e s t h e h i e r a r c h i c a l r e p r e s e n t a t i o n between t h r e e l e v e l s of p i c t o r i a l d a t a b a s e . Several p o i n t e r s a r e necess a r y t o manipulate d i f f e r e n t l e v e l s of d e t a i l s : ( a ) p o i n t e r p o i n t s t o the c u r r e n t l e v e l , ( b ) p o i n t e r p o i n t s t o the n e x t d e t a i l e d l e v e l , ( c ) p o i n t e r p o i n t s back t o t h e upper rough l e v e l . Within each l e v e l , i t c o n s i s t s of a set of pict o r i a l r e l a t i o n a l t a b l e s , t h e defined p i c t u r e rel a t i o n a l a l g e b r a i s used t o manipulate t h e s e r e l at i o n a l t a b l e s . This t a b l e i s s t o r e d a t t h e r o o t of t h e h i e r a r c h y , when the database system i s i nvoked, a temporatory p o i n t e r t a b l e i s used t o s t o r e the c u r r e n t s t a t u s a t p a r t i c u l a r time. . 
